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S1. Calibration of the Raman spectrometer

A. Wavenumber calibration
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FIG. F1: Quadratic fit of positions of neon emission bands (in wavelength) to the corresponding observed
band position (in pixels) for wavenumber calibration in the fingerprint region of the Raman spectra. A total
of 19 data points were used. The maximal uncertainty encountered in the wavenumber calibration was
lem™1
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FIG. F2: Quadratic fit of positions of neon emission bands (in wavelength) to the corresponding observed
band position (in pixels) for wavenumber calibration in the high-wavenumber region of the Raman spectra.
A total of 17 data points were used. The eventual maximal uncertainty in the wavenumber calibration in the

high-wavenumber region was 1.5 cm 1.



B. Relative intensity calibration

We use a multi-step procedure for the intensity calibration of the Raman spectra which has been reported
in our earlier work.[1, 2]

(i) The first correction affecting the Raman intensities is for the non-linear sampling of photons over the
wavenumber scale. This correction is computed using the wavenumber step (or spacing) in the wavenumber

array representing the x-axis, and is given by Cy = (t%)' Here, Jv; is the wavenumber step for every data-
point of the 1D vector representing the wavenumber axis, and dvg is the similar wavenumber step at the
laser frequency.

(ii) The next correction is for the channel-to-channel variations in the sensitivity of the detector. This cor-
rection is determined by fitting the spectrum from a broad-band white light source to the curve representing
the number of photons per wavenumber emitted by a Black-body emitter, assuming certain temperature.
The ratio of the broadband white-light spectrum to the obtained fit, gives us the second correction. This
correction is defined as Cj.

The above described corrections were computed using the data analysis programs developed for IgorPro
in our earlier study[2, 3], and were applied to the spectra covering the fingerprint and the high-wavenumber
region, separately.

C. Correction for laser power variation

This correction is for correcting the acquired Raman spectral intensities which may vary due to temporal
fluctuations in the incident laser power. The relative power of incident laser was monitored by a laser
power meter in synchronization with Raman acquisition, in all the Raman measurements. By dividing the
spectral intensity with the relative laser power, the intensity of all the THF-water mixtures in the Raman
measurements were corrected. The average recorded laser power, in volts after ADC conversion, during
each measurement (corresponding to each concentration) is shown in Fig. F3. Before correction of the spectral
intensities, the recorded voltage values were normalized to unity.
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FIG. F3: The relative power of incident laser during all the Raman measurements.

D. Correction for density variation

The density of THF-water binary mixture changes depends on the concentrations of the components. This
changes the number of molecules in the confocal volume when using a confocal Raman spectrometer for
Raman measurements. In order to obtain the density correction curve, we fitted the known densities[4] and
obtained the curve for the relative densities at the various THF-water concentrations relevant to the present



Raman experiments (shown in Fig. F4). By dividing the spectral intensity with the so obtained relative
densities, the change to the number of the molecules in the confocal volume was corrected.
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FIG. F4: Relative densities at the various concentrations of the THF:water binary solutions.

S2. Details on data analysis
A. Singular Value Decomposition (SVD)

Singular value decomposition (SVD) is the generalized eigen-decomposition of a real valued m x n
matrix.[5, 6] It is a widely used tool to estimate the number of principal components dominating a two-
dimensional spectral dataset. It is based on the theorem that any two dimensional matrix A, ,) can be
expressed as a product of three matrices as shown below,

A =UWVT (E1)

where W, is a diagonal matrix, while U(,, ,,) and V,, ,,) are orthogonal matrices. From our experiments,
a 2-D dataset of the Raman spectra corresponding to different concentrations are obtained. This dataset is
the matrix A, ). U,y and V,, ) correspond to the spectral and concentration-dependent components,
respectively. The diagonal elements of the diagonal matrix W ,, ,) are the so-called singular values. See
Fig. F5 for a pictorial representation.

A U W V*
mxn mxm mxn nNxn

FIG. F5: Summary of matrix multiplication in SVD analysis.

For each such pair of column and rows in Uy, ,,y and V,, ,,) matrices, respectively, there exists a singular
value in W,, ,,y. The relative magnitude of a singular value provides an estimate of the importance of the
specific component in the whole dataset.



B. Hypothetical Addition Multivariate Analysis With Numerical Differentiation (HAMAND)

HAMAND (Hypothetical addition multivariate analysis with numerical differentiation)[7] combines the
principle of the standard addition method with numerical chemometric method for separating and quan-
tifying a known target spectral component from a complex spectrum. HAMAND processes a number of
numerically generated hypothetical model spectra (S;) which are obtained by adding the standard spectrum
(Sstd.) to the spectra of an unknown sample (Synkn.) With different coefficients (c;):

S] = Sunkn. + ¢j X Sstd. (E2)

Subsequently, these hypothetical spectra are separated into two spectral components, the first Wy (the
spectrum corresponding to all the other substances except for the target), and W, (the target spectrum), with
intensity profile of H; (as constant) and H, (which is linearly dependent on hypothetically added coefficient
representing concentration, c;). The calibration line which is obtained by plotting the intensity profile H,
versus hypothetically added coefficient determines the amount of the target spectrum already contained in
the sample.

C. Multi-Variate Curve Resolution Alternating Least Squares (MCR-ALS) analysis

MCR-ALS (multivariate curve resolution with alternating least-squares)[8] is a tool to separate a set of
spectra, consisting of mixture of unknown spectral signatures, into several pure components by using mul-
tivariate statistical method with the alternating least squares. In the MCR procedure, the experimental data
A () is approximated by a linear combination of spectral components W, ;) and their intensity profiles

H(k,n) as,

A ~WH (E3)

Matrix A, ) is composed of n spectra with m data points in each Raman spectrum. The columns of matrix
W represent the spectra of pure components, while the rows of matrix H represent their intensity profiles.
The number of basic components, k, are typically guessed or estimated by singular value decomposition
(SVD) analysis. MCR-ALS procedure relies on the iterative minimization of the Frobenius norm, ||A —
'\W]I—H \2 while changing the elements of matrix W and H. Non-negativity constraints (W > 0 and H > 0)
are applied during the minimization, which results in convergence to physically meaningful spectra as the
basic components, while also giving the intensity distribution.

With regard to the present study, set of Raman spectra (having different concentration of THF:water) were
supplied as the matrix A. From the MCR-ALS analysis, sets of spectral components corresponding to pure
THEF, and THF:water complexes were obtained as W. For the spectral components in W, the corresponding
concentration profiles were obtained as H.

In Section 4.3 of the main document, we utilized the concentration profiles obtained form MCR-ALS anal-
ysis (IH) to determine the equilibrium constant for the formation of the 1:1 THF:water complex.

S3. Details on the quantum-chemical calculations

Optimized geometries of the studied molecules are shown using figures and described using atomic coor-
dinates. The atomic coordinates are listed in “"ATOM X Y Z” format, with distance in bohr.
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B. THF + 1 water

-1.
-1.
-0.
.8971927665
.2046511848
-1.
.8089775265
. 7748589944
.9897931194
-0.
.6810940997

-2
-1

2015728212
6556853146
3832496586

0401391992

3282454042



12

14
15

oo oo

mImo@m@mo@mn@D@oD@DEDEDEEHOQQQOoOQ

.6751617793
.9268595748
-5.
-6.
=3

0797837683
5940495488
6908238283

C. THF + 2 water molecules (with second water hydrogen bonded to THF)
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D. THEF + 2 water molecules (with second water hydrogen bonded to the first water molecule)

Geometry (distances are in bohr)

C -1.4649042480 -0.9365387513 2.2867234037
0 -0.5265513597 -2.2056144746 0.05633601927
C -1.4410672444 -0.9284771802 -2.1871102777
C -3.6056538780 0.7462131086 -1.2931224865
C -2.7233502626 1.4897465858 1.3649604199
H -2.8039546349 -2.1987358720 3.2256488789
H 0.1239754735 -0.5857470263 3.5508367065
H 0.0941593768 0.2035064814 -2.9765659861
H -2.0026843595 -2.3693573417 -3.5456248422
H -3.8949690371 2.3662506322 -2.5277239385
H -5.3639078501 -0.3297779720 -1.2075859293
H -1.3288137412 2.9981107521 1.2501898017
H -4.2625056241 2.0840049380 2.5947222837
0 3.2092366087 3.3169679976 -0.0974153747
H 3.9929267632 1.6482681401 -0.0799221812
H 4.4560400215 4.4333103973 -0.7992180329
0 4.5855127079 -1.7985221432 -0.1602582125
H 5.4588968166 -2.7070060225 1.1454479593
H 2.7951088275 -2.2711463924 -0.0243869139
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